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(57) ABSTRACT 

A prediction image generation method and apparatus using 
a single coding mode for all color components and image 
and video encoding and decoding methods and apparatuses 
using the same are provided. The prediction image genera 
tion apparatus includes: a spatial prediction image genera 
tion unit applying an identical prediction direction for each 
image component in an original image composed of at least 
tWo image components, and obtaining a spatial prediction 
image from a pixel spatially close to a pixel block of a 
predetermined siZe of a current frame; a temporal prediction 
image generation unit applying an identical block siZe, 
motion vector, and motion interpolation method for each 
image component in an original image composed of at least 

51 (KR) tWo image components, and obtaining a temporal prediction 
image by estimating motion in units of blocks of a prede 
termined siZe between a previous frame and a current frame 

(21) APP1- NOJ 113621920 of each of the image components; an encoding mode selec 
tion unit selecting an encoding mode by using the spatial 
prediction image and the temporal prediction image; and a 

(22) Filed: Feb- 28, 2006 single mode prediction image generation unit generating a 
prediction image by identically applying the encoding mode 
selected in the encoding mode selection unit to each com 

(30) Foreign Application Priority Data ponent. By increasing the redundancy of information 
between prediction error signals of color components, the 
encoding efficiency can be enhanced in the method and 

Feb. 28, 2005 (KR) .......................... .. 10-2005-0016938 apparatus. 
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PREDICTION IMAGE GENERATING METHOD 
AND APPARATUS USING SINGLE CODING MODE 
FOR ALL COLOR COMPONENTS, AND IMAGE 
AND VIDEO ENCODING/DECODING METHOD 

AND APPARATUS USING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t of Korean 
Patent Application No. 10-2005-0016938, ?led on Feb. 28, 
2005, in the Korean Intellectual Property Of?ce, the disclo 
sure of Which is incorporated herein in its entirety by 
reference. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The present invention relates to color image encod 
ing and/or decoding, and more particularly, to image and 
video encoding and decoding methods and apparatuses 
using a single coding mode for all color components. 

[0004] 2. Description of the Related Art 

1. Field of the Invention 

[0005] Generally, an image obtained by a device in an 
RGB format. HoWever, When the image thus obtained is 
compressed, the image is converted into a YCbCr image 
format. At this time, Y is monochrome and has only a 
luminance component and Cb and Cr have chrominance 
components. In the RGB image, information is evenly 
distributed betWeen R, G, and B data, but in the YCbCr 
image format, information is concentrated in the Y compo 
nent, and less information is in the Cb and Cr components. 
Accordingly, When compression is performed in the YCbCr 
image format, the compression ef?ciency is enhanced. 

[0006] Since the statistical characteristics of the Y com 
ponent in the YCbCr image is different from the statistical 
characteristics of the Cb and Cr components, in a conven 
tional encoding method, the Y component and the Cb and Cr 
components are compressed using different methods, 
respectively. For example, in the MPEG-4 AVC/H.264 stan 
dard produced by Joint Video Team of ISO/IEC MPEG and 
ITU-T VCEG, Which has been standardiZed recently (“Text 
of ISO/IEC FDIS 14496-10: Information Technologyi 
Coding of audio-visual objectsiPart 10: Advanced Video 
Coding”, ISO/IEC JTC l/SC 29/WG ll, N5555, March 
2003), When the Y component is encoded as an intra image 
in a video signal, spatial prediction is performed in units of 
4x4 blocks using 9 prediction methods along a prediction 
direction. Also, spatial prediction can be performed in units 
of 16x16 blocks using 4 prediction methods along a predic 
tion direction. HoWever, since the image containing Cb and 
Cr components is relatively simpler than an image contain 
ing the Y component, When the Cb and Cr components are 
encoded as an intra image in a video signal, spatial predic 
tion is performed in units of 8x8 blocks along a prediction 
direction using 4 prediction methods, independently of the Y 
component. 

[0007] Also, When encoding of an image is performed in 
inter mode, motion compensation of the Y component is 
precisely performed by expanding a prediction image using 
a 6-tap ?lter, While motion compensation of Cb and Cr 
components is performed by expanding a prediction image 
using a bilinear ?lter. Thus, in the conventional method, 
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different compression methods are used for the Y component 
and Cb and Cr components to compress an image because 
the statistical characteristics of the Y component and the Cb 
and Cr components are different from each other. 

[0008] HoWever, When an RGB image is converted into a 
YCbCr image, loss of image quality, such as color distortion, 
can occur, and therefore, a direct encoding method of an 
RGB image has been researched recently. In particular, a 
?delity range extension standard of the MPEG-4-AVC/ 
H.264 standard supports direct encoding of an RGB image. 
In this neWly adopted technology, a residue transform tech 
nology is used to perform spatial or temporal prediction in 
the RGB image, and after a residue image is obtained, 
redundant information existing in each of R, G, and B data 
is removed such that the encoding ef?ciency is enhanced 
Without loWering the picture quality. 

[0009] When the RGB image is encoded, the encoding 
ef?ciency of the conventional method is loWered as 
described above because the method used for the YCbCr is 
applied Without change. Accordingly, When the RGB input 
image is encoded in an RGB domain Without converting the 
image into a YCbCr image, a method of enhancing the 
encoding ef?ciency With maintaining a high picture quality 
by performing spatial prediction and temporal prediction in 
accordance With the statistical characteristics of the RGB 
image is needed. 

SUMMARY OF THE INVENTION 

[0010] Additional aspects and/or advantages of the inven 
tion Will be set forth in part in the description Which folloWs 
and, in part, Will be apparent from the description, or may be 
learned by practice of the invention. 

[0011] The present invention provides a method of gen 
erating a spatial prediction image using a single coding 
mode for all color components. 

[0012] The present invention also provides a method of 
generating a temporal prediction image using a single cod 
ing mode for all color components. 

[0013] The present invention also provides a method and 
apparatus for generating a prediction image using a single 
coding mode for all color components. 

[0014] The present invention also provides an image and 
video encoding method and apparatus using a single coding 
mode. 

[0015] The present invention also provides an image and 
video decoding method and apparatus using a single coding 
mode. 

[0016] According to an aspect of the present invention, 
there is provided a spatial prediction image generation 
method including: applying an identical prediction direction 
for each image component in an original image composed of 
at least tWo image components; and obtaining a spatial 
prediction image from a pixel spatially close to a pixel block 
of a predetermined siZe of a current frame. 

[0017] The siZe of the pixel block may be 4x4, and any 
one of 9 prediction directions may be determined to be the 
prediction direction. 

[0018] According to another aspect of the present inven 
tion, there is provided a temporal prediction image genera 
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tion method including: applying an identical block size, 
motion vector, and motion interpolation method for each 
image component in an original image composed of at least 
tWo image components; and obtaining a temporal prediction 
image by estimating motion in units of blocks of a prede 
termined size betWeen a previous frame and a current frame 
of each of the image components. 

[0019] According to still another aspect of the present 
invention, there is provided a prediction image generation 
method including: applying an identical prediction direction 
for each image component in an original image composed of 
at least tWo image components; obtaining a spatial predic 
tion image from a pixel spatially close to a pixel block of a 
predetermined size of a current frame; applying an identical 
block size, motion vector, and motion interpolation method 
for each image component in an original image composed of 
at least tWo image components; obtaining a temporal pre 
diction image by estimating motion in units of blocks of a 
predetermined size betWeen a previous frame and a current 
frame of each of the image components; selecting an encod 
ing mode using the spatial prediction image and the tem 
poral prediction image; and generating a prediction image 
by identically applying the selected encoding mode to each 
component. 

[0020] In the selection of the encoding mode, the bit 
quantity and distortion of the picture quality of each of the 
spatial prediction image and the temporal prediction image 
may be calculated and an encoding mode corresponding to 
the smallest sum obtained by adding the bit quantity and 
distortion of the picture quality for each of the spatial 
prediction image and the temporal prediction image may be 
selected as the encoding mode. 

[0021] According to yet still another aspect of the present 
invention, there is provided a prediction image generation 
apparatus including: a spatial prediction image generation 
unit applying an identical prediction direction for each 
image component in an original image composed of at least 
tWo image components, and obtaining a spatial prediction 
image from a pixel spatially close to a pixel block of a 
predetermined size of a current frame; a temporal prediction 
image generation unit applying an identical block size, 
motion vector, and motion interpolation method for each 
image component in an original image composed of at least 
tWo image components, and obtaining a temporal prediction 
image by estimating motion in units of blocks of a prede 
termined size betWeen a previous frame and a current frame 
of each of the image components; an encoding mode selec 
tion unit selecting an encoding mode by using the spatial 
prediction image and the temporal prediction image; and a 
single mode prediction image generation unit generating a 
prediction image by identically applying the encoding mode 
selected in the encoding mode selection unit to each com 
ponent. 

[0022] The encoding mode selection unit may include: a 
spatial bit quantity/picture quality distortion calculation unit 
calculating the bit quantity and distortion of the picture 
quality of the spatial prediction image; a temporal bit 
quantity/picture quality distortion calculation unit calculat 
ing the bit quantity and distortion of the picture quality of the 
temporal prediction image; and a performance comparison 
unit comparing values obtained by adding the bit quantity 
and the picture quality distortion of each of the spatial 
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prediction image and the temporal prediction image, and 
selecting an encoding mode corresponding to the smaller 
value. 

[0023] According to a further aspect of the present inven 
tion, there is provided an image encoding apparatus using a 
single coding mode for all color components including: a 
prediction image generation unit generating a prediction 
image by using an identical encoding mode for each image 
component in an original image composed of at least tWo 
image components; a residue generation unit generating a 
residue corresponding to the difference betWeen the original 
image and the prediction image; and an encoding unit 
generating a bitstream by encoding the residue data. 

[0024] The prediction image generation unit may include: 
a spatial prediction image generation unit obtaining a pre 
diction image by applying an identical prediction direction 
from a pixel spatially adjacent to a pixel block of a current 
frame for each image component of the original image When 
performing an intra method; a temporal prediction image 
generation unit obtaining a prediction image by applying 
identical motion estimation motion interpolation methods in 
units of blocks of identical size betWeen a previous frame 
and a current frame for each image component of the 
original image When performing an inter method; an encod 
ing mode selection unit selecting an encoding mode by using 
the spatial prediction image and the temporal prediction 
image; and a single mode prediction image generation unit 
generating a prediction image by identically applying the 
encoding mode selected in the encoding mode selection unit 
to each component of the color image. 

[0025] The encoding mode selection unit may include: a 
spatial bit quantity/picture quality distortion calculation unit 
calculating the bit quantity and distortion of the picture 
quality of the spatial prediction image; a temporal bit 
quantity/picture quality distortion calculation unit calculat 
ing the bit quantity and distortion of the picture quality of the 
temporal prediction image; and a performance comparison 
unit comparing values obtained by adding the bit quantity 
and the picture quality distortion of each of the spatial 
prediction image and the temporal prediction image, and 
selecting an encoding mode corresponding to the smaller 
value. 

[0026] The apparatus may further include a residue trans 
form unit performing a residue transform on the residue 
generated by the residue generation unit using a correlation 
betWeen residues of the image components, Wherein the 
encoding unit generates the residue of each image compo 
nent as a bitstream. 

[0027] The apparatus may further include a transform/ 
quantization unit performing transform and quantization on 
the residue transformed by the residue transform unit, in 
units of blocks of a predetermined size, Wherein the encod 
ing unit generates each of the transformed and quantized 
coef?cients as a bitstream. 

[0028] According to an additional aspect of the present 
invention, there is provided an image encoding method 
using a single coding mode for all color components includ 
ing: generating a prediction image by using an identical 
encoding mode for each image component in an original 
image composed of at least tWo image components; gener 
ating a residue corresponding to the difference betWeen the 
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original image and the prediction image; and generating a 
bitstream by encoding the residue data. 

[0029] The generating of the prediction image may 
include: obtaining a prediction image by applying an iden 
tical prediction direction from a pixel spatially adjacent to a 
pixel block of a current frame for each image component of 
an original image composed of at least tWo image compo 
nents; obtaining a prediction image by applying an identical 
block size, motion vector, and motion interpolation method 
for each image component in an original image composed of 
at least tWo image components, and by estimating motion in 
units of blocks of a predetermined size betWeen a previous 
frame and a current frame of each of the image components; 
selecting an encoding mode by using the spatial prediction 
image and the temporal prediction image; and generating a 
prediction image by identically applying the selected encod 
ing mode to each component of the color image. 

[0030] In the selecting of the encoding mode, the bit 
quantity and distortion of the picture quality of each of the 
spatial prediction image and the temporal prediction image 
may be calculated and an encoding mode corresponding to 
a smallest sum of the bit quantity and distortion of the 
picture quality of each of the spatial prediction image and 
the temporal prediction image may be selected as an encod 
ing mode. 

[0031] The method may further include performing a 
residue transform on the generated residue using a correla 
tion betWeen residues of the image components, Wherein, in 
the generating of the bitstream, the transformed residue for 
each image component is generated as a bitstream. 

[0032] The method may further include performing a 
transform and quantization on the transformed residue in 
units of blocks of a predetermined size, Wherein, in the 
generating of the bitstream, each of the transformed and 
quantized coef?cients is generated as a bitstream. 

[0033] According to an additional aspect of the present 
invention, there is provided an image decoding apparatus 
using a single coding mode for all color components includ 
ing: a data restoration unit restoring residue information by 
decoding the residue information from a bitstream When it is 
assumed that the difference betWeen an original image 
composed of at least tWo image components and a prediction 
image in the original image is a residue; and a prediction 
compensation unit restoring an image by adding a prediction 
image generated by applying an identical encoding mode to 
the restored residue data. 

[0034] The prediction compensation unit may include: a 
spatial prediction compensation unit restoring an image by 
adding to the restored residue data a prediction image 
obtained by applying an identical prediction direction from 
a pixel spatially close to a pixel block of a current frame for 
each image component of the original image, When perform 
ing an intra method; and a temporal prediction compensation 
unit restoring an image by adding to the restored residue data 
a prediction image obtained by applying identical motion 
estimation motion and interpolation methods in units of 
blocks of identical size betWeen a previous frame and a 
current frame for each image component of the original 
image, When performing an inter method. 

[0035] The apparatus may further include an inverse resi 
due transform unit performing inverse transform on residue 
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transformed data using a correlation betWeen residues of the 
image components if the data restored in the data restoration 
unit is residue transformed data, Wherein the prediction 
compensation unit performs prediction compensation by 
adding to the inverse residue transformed residue a predic 
tion image generated using an identical encoding mode for 
each image component. 

[0036] The apparatus may further include an inverse quan 
tization/ inverse transform unit performing inverse quantiza 
tion and an inverse transform on transformed and quantized 
data in units of blocks of a predetermined size if the data 
restored in the data restoration unit is transformed and 
quantized residue data, Wherein the prediction compensation 
unit performs prediction compensation by adding to the 
inverse quantized and inverse transformed residue a predic 
tion image generated using an identical encoding mode, for 
each image component. 

[0037] According to an additional aspect of the present 
invention, there is provided an image decoding method 
using a single coding mode for all color components includ 
ing: restoring residue information by decoding the residue 
information from a bitstream When it is assumed that the 
difference betWeen an original image composed of at least 
tWo image components and a prediction image in the origi 
nal image is a residue; and restoring an image by adding a 
prediction image generated by applying an identical encod 
ing mode to the restored residue data. 

[0038] The restoring of the image may include: obtaining 
a prediction image by applying an identical prediction 
direction from a pixel spatially close to a pixel block of a 
current frame for each image component of the original 
image, When performing an intra method; and obtaining a 
prediction image by applying identical motion estimation 
and motion interpolation methods in units of blocks of 
identical size betWeen a previous frame and a current frame 
for each image component of the original image, When 
performing an inter method. 

[0039] The method may further include performing an 
inverse transform on the generated residue using a correla 
tion betWeen residues of the image components, Wherein an 
image is restored by adding to the inverse residue trans 
formed residue a prediction image generated using an iden 
tical encoding mode for each image component. 

[0040] The method may further include performing 
inverse quantization and an inverse transform on the gen 
erated residue in units of blocks of a predetermined size, 
Wherein an image is restored by adding to the inverse 
quantized and inverse transformed residue a prediction 
image generated using an identical encoding mode, for each 
image component. 

[0041] According to an additional aspect of the present 
invention, there is provided a computer readable recording 
medium having embodied thereon a computer program for 
executing the methods. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0042] These and/or other aspects and advantages of the 
invention Will become apparent and more readily appreci 
ated from the folloWing description of the embodiments, 
taken in conjunction With the accompanying draWings of 
Which: 
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[0043] FIG. 1 is a block diagram of a prediction image 
generation apparatus using a single coding mode among 
color components according to an embodiment of the 
present invention; 

[0044] FIG. 2 is a ?owchart of a prediction image gen 
eration method according to an embodiment of the present 
invention; 
[0045] FIG. 3 is a block diagram of an image and video 
encoding apparatus using a single coding mode among color 
components according to an embodiment of the present 
invention; 
[0046] FIG. 4 is a ?owchart of an image and video 
encoding method using a single coding mode for all color 
components according to an embodiment of the present 
invention; 
[0047] FIG. 5 is a block diagram of an image and video 
decoding apparatus using a single coding mode for all color 
components according to an embodiment of the present 
invention; 
[0048] FIG. 6 is a detailed block diagram of a prediction 
compensation unit according to an embodiment of the 
present invention; 

[0049] FIG. 7 is a ?owchart of an image and video 
decoding method using a single coding mode for all color 
components according to an embodiment of the present 
invention; 
[0050] FIG. 8A and 8B illustrate the positions of adjacent 
pixels for spatial prediction, the positions of pixels of a 
current block to be predicted, and prediction directions 
according to the present invention; 

[0051] FIG. 9 illustrates a method of dividing a macrob 
lock in ME/MC (Motion Estimation/Motion Compensation) 
for temporal prediction according to an embodiment of the 
present invention; 

[0052] FIG. 10 illustrates an MC(Motion Compensation) 
interpolation method using a 6-tap ?lter according to an 
embodiment of the present invention; and 

[0053] FIG. 11 illustrates an MC(Motion Compensation) 
interpolation method using a bilinear ?lter according to an 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0054] Reference will now be made in detail to the 
embodiments of the present invention, examples of which 
are illustrated in the accompanying drawings, wherein like 
reference numerals refer to the like elements throughout. 
The embodiments are described below to explain the present 
invention by referring to the ?gures. 

[0055] The present invention will now be described more 
fully with reference to the accompanying drawings, in which 
exemplary embodiments of the invention are shown. 

[0056] FIG. 1 is a block diagram of a prediction image 
generation apparatus using a single coding mode among 
color components according to an embodiment of the 
present invention. Referring to FIG. 1, the prediction image 
generation apparatus includes a spatial prediction image 
generation unit 100, a temporal prediction image generation 
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unit 120, an encoding mode selection unit 140, and a single 
mode prediction image generation unit 160. 

[0057] The spatial prediction image generation unit 100 
applies an (a substantially) identical prediction method to 
each image component in an original image composed of at 
least two image components, and generates a spatial pre 
diction image from a pixel spatially close to a pixel block of 
a predetermined siZe in a current frame. 

[0058] The temporal prediction image generation unit 120, 
using an (a substantially) identical block siZe and an (a 
substantially) identical motion vector, applies an (a substan 
tially) identical motion interpolation method to each image 
component in the original image composed of at least two 
image components, and generates a temporal prediction 
image by estimating motion in units of blocks of a prede 
termined siZe between a previous frame and a current frame 
of each image component. 

[0059] The encoding mode selection unit 140 selects an 
encoding mode based on the spatial prediction image and the 
temporal prediction image. The encoding mode selection 
unit 140 includes a spatial bit quantity/picture quality dis 
tortion calculation unit 142, a temporal bit quantity/picture 
quality calculation unit 144, and a performance comparison 
unit 146. 

[0060] In relation to the spatial prediction image, the 
spatial bit quantity/picture quality distortion unit 142 calcu 
lates the bit quantity and the distortion of the picture quality 
of the spatial prediction image. The temporal bit quantity/ 
picture quality distortion unit 144 calculates the bit quantity 
and the distortion of the picture quality of the temporal 
prediction image. The performance comparison unit 146 
compares values obtained by adding the number of bits 
constituting and the distortion of the picture quality of each 
of the spatial and temporal prediction images, and selects an 
encoding mode corresponding to a smaller value as a single 
encoding mode. 

[0061] The single mode prediction image generation unit 
160 generates a prediction image by applying the selected 
encoding mode to each component of the color image. 

[0062] FIG. 2 is a ?owchart of a prediction image gen 
eration method according to an embodiment of the present 
invention. The method will now be brie?y explained. By 
applying a method using identical prediction directions to 
the respective color component of a color image, a spatial 
prediction image is generated in operation 200. Also, using 
identical block siZes and identical motion vectors, an iden 
tical motion interpolation method is applied to each color 
component in the original image, and a temporal prediction 
image is generated in operation 220. The number of bits 
constituting and the distortion of the picture quality of each 
of the generated spatial and temporal prediction images is 
calculated in operation 240. By comparing the calculated 
results, an encoding mode producing an image with the 
smallest number of bits and/or distortion of picture quality 
is selected in operation 260. Aprediction image is generated 
by applying the selected encoding mode in operation 280. 

[0063] The method of generating a prediction image and 
the operation of the apparatus for generating a prediction 
image using a single coding mode among color components 
according to embodiments of the present invention will now 
be explained in detail with reference to FIGS. 1 and 2. 
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[0064] It is assumed that an input color image Fn in the 
apparatus for generating a prediction image using a single 
coding mode is an RGB image. The color image is processed 
in units of blocks. In order to increase encoding efficiency, 
an inter method using temporal prediction in Which predic 
tion is performed by estimating motion from a previous 
prediction image F'n-l, and an intra method using spatial 
prediction in Which prediction is performed in a block 
spatially close to a current prediction image F'n, are used. At 
this time, a most effective mode or relatively ef?cient mode 
among a variety of encoding modes is selected. 

[0065] In the spatial prediction mode, that is, in the intra 
mode, a spatial prediction image is generated using identical 
prediction mode for R, G, and B, and correlation betWeen 
residues of R, G, and B is increased. 

[0066] In the temporal prediction, that is, in the inter 
mode, identical block siZes and identical motion vectors are 
used for R, G, and B, and When a prediction image is 
expanded, identical ?lters are used for interpolation and a 
temporal prediction image is generated. 

[0067] When a spatial prediction method is used, it is 
determined Which mode, When employed, is the most effi 
cient or relatively efficient. For example, in MPEG-4 AVC/ 
H.264, prediction is performed using 9 prediction methods 
in each 4><4 block, as shoWn in FIG. 8. In addition, predic 
tion is performed using a 16x16 block siZe and 4 prediction 
methods. At this time, the prediction is performed by apply 
ing identical prediction methods to R, G, and B. The bit 
quantity and/ or the distortion of the picture quality obtained 
as the result of performing the prediction in each mode are 
calculated, and a prediction method having the minimum 
value obtained by adding the number of bits amount and/or 
the distortion is selected. At this time, the number of bits can 
be calculated by performing a transform and quantization 
and then entropy encoding. To determine the distortion of 
the picture quality, the mean of the squares of differences 
betWeen the original image and a restored image obtained by 
restoring an image can be used: 

Where D is numerical value of distortion of picture quality, 
p is the pixel value of a current image, q is the pixel value 
of a previous image. Also, When adding the distortion of the 
picture quality and the number of bits, in order to obtain the 
same units for the tWo amounts, a predetermined constant is 
used as indicated in the folloWing equation 2: 

Here, R is a bit rate, and 7» is the predetermined constant. 
This value is calculated for each prediction method and a 
prediction method having the smallest L is selected. 

[0068] In the inter method, blocks are divided as shoWn in 
FIG. 9 and motion estimation is performed. At this time, 
using the same method as described above, L is calculated 
for each prediction method and a method having the smallest 
L is selected. It is understood that a prediction method can 
be selected using only either one, D, R or KR. 
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[0069] At this time, an identical prediction method is 
applied to each of the R, G, and B components. Also, 
identical motion vectors are used for each of the R, G, and 
B components. In addition, in order to detail motion pre 
diction, a method of interpolating and expanding a predic 
tion image is used. In an embodiment of the present inven 
tion, a 6-tap ?lter or a bilinear ?lter can be used. 

[0070] FIG. 9 illustrates an example of block partitions 
using the 6-tap ?lter When the image of a previous frame is 
interpolated four times in both the vertical and horiZontal 
directions in order to interpolate and expand a prediction 
image. The 6-tap ?lter is used in the MPEG-4 AVC/H.264 
standard. In FIG. 10, When pixels A through U are in the 
previous frame, 1A or 1/z interpolation are performed accord 
ing to the folloWing method. 

[0071] First, pixels b and h at 1/2 pixel positions in the 
vertical direction or horiZontal direction, respectively, are 
each interpolated using 6 adjacent pixels of the previous 
frame according to the folloWing equations 3 and 4: 

b1=(E—5><F+20><G+20><H—5><I+J) 

h1=(A—5><C+20><G+20><M—5><R+T) (3) 

b=Clip1((b1+16)>>5) 

h=Clip1((h1+16)>>5) (4) 

Here, Clipl (x) clips x to be Within a bit range of an image 
pixel. In an 8-bit image, ifx is less than 0, x is set to 0, and 
if x is greater than 255, x is set to 255. Other values are 
maintained as their original values. The ?lter tap used for the 
interpolation is [1, —5, 20, 20, —5, 1], Which is a 6-tap ?lter 
using more adjacent pixels. 

[0072] Pixel j at 1/2 pixel positions in the vertical and 
horiZontal directions is interpolated using 6 previously 
restored vertically or horizontally adjacent pixels at 1/2 pixel 
positions, according to the folloWing equation 5: 

Here, adjacent pixels cc, dd, hl, ml, ee, and lfor aa, bb, b, 
sl, gg, and hh are intermediate results obtained by interpo 
lation using the 6-tap ?lter through equation 3. 

[0073] Similarly, values of pixels s and m at 1/2 pixel 
positions are restored from pixels s1 and ml according to 
equation 4. Pixels a, c, d, n, f, i, k, and q at % pixel positions 
are obtained as the mean of tWo adjacent pixels in the 
vertical direction or in the horiZontal direction according to 
the folloWing equation 6: 
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Pixels e, g, p, and r at % pixel positions are obtained as the 
mean of tWo diagonally adjacent pixels: 

[0074] FIG. 11 illustrates an example of using the bilinear 
interpolation method When the image of a previous frame is 
interpolated four times in both the vertical and horiZontal 
directions in order to interpolate and expand a prediction 
image. The bilinear interpolation method is used in the 
MPEG-4 AVC/H.264 standard. 

In pixels A, B, C, and D of the previous frame, pixel at a 1A 
or 1/2 pixel position is obtained according to the folloWing 
equation 10: 

dxxdy><D+8)>>4 (10) 

[0075] Here, dx denotes the horiZontal distance from A or 
C to a, and dy denotes the vertical distance from A or B to 
a in the vertical direction. 

[0076] The bilinear interpolation method uses feWer adja 
cent pixels, and more adjacent values that are in close 
proximity to a value to be interpolated than the method using 
the 6-tap ?lter. 

[0077] According to an aspect of the present embodiment, 
identical interpolation methods are applied to the R, G, and 
B components so that R, G, and B residue signals are similar 
to each other. As a result, the effect of the residue transform 
is increased. In order to apply identical interpolation meth 
ods, the 6-tap ?lter can be applied to all of the R, G, and B 
components. Also, the bilinear method can be applied to all 
of the R, G, and B components. Also, an optimal method can 
be selected for each block and the selected method can be 
used to encode the block. Thus, When spatiotemporal pre 
diction is performed, by using identical prediction modes for 
all of the R, G, and B components, and using identical 
interpolation methods, correlation betWeen the residues of 
the R, G, and B components can be increased. 

[0078] FIG. 8A illustrates positions of adjacent pixels 
used for spatial prediction and positions of pixels of a 
current block. This method is the same as a method used in 
the MPEG-4 AVC/H.264 standard encoding method. In 
FIG. 8A, in order to predict block data Pa, Pb, . . . , Pq in 
a 4x4 block, pixel values P0, P1, . . . , P12 that are previously 

encoded and restored, and are spatially adjacent to the block 
data Pa, Pb, . . . , Pq to be predicted are used. FIG. 8B shoWs 
9 prediction directions 0 through 8 that can be used to 
predict a current block by projecting from a spatially adja 
cent pixel. For example, in the case of direction 0, adjacent 
pixel values P1, P2, P3 and P4 are projected in the vertical 
direction and data Pa, Pe, Pi, and Pm are predicted as the 
pixel value P1, data Pb, Pf, Pj, and Pn are predicted as the 
pixel value P2, data Pc, Pg, Pk and Po are predicted as the 
pixel value P3, and data Pd, Ph, P1 and Pq are predicted as 
the pixel value P4. For other directions, prediction is per 
formed through projection in the same manner. 

[0079] FIG. 9 illustrates a method of dividing a macrob 
lock that is used as a basic unit of motion for temporal 
prediction of an image. This method is used in the MPEG-4 
AVC/ H.264 standard encoding method. Referring to FIG. 9, 
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the 16x16 macroblock is divided into a variety of siZed 
blocks, including a 16x16 block, 16x8 blocks, 8x16 blocks, 
and/or 8x8 blocks, and motion vectors are obtained and an 
image value is predicted temporally. The 8x8 blocks are 
again divided into an 8x8 block, 8x4 blocks, 4x8 blocks, 
and/or 4><4 blocks such that ?ne motion can be accurately 
sensed. 

[0080] As described above, by using the prediction image 
generated in the spatial prediction image generation unit 
100, the spatial bit quantity/picture quality distortion calcu 
lation unit 142 calculates the number of bits and/or the 
distortion of the picture quality obtained in each mode of the 
intra method. Also, the temporal bit quantity/picture quality 
distortion calculation unit 144 calculates the number of bits 
and/or the distortion of the picture quality obtained in each 
mode of the inter method. Then, the performance compari 
son unit 146 compares the calculated values, and selects an 
encoding mode having a highest encoding ef?ciency or 
relatively high encoding ef?ciency. The single mode predic 
tion image generation unit 160 generates a prediction image 
by applying the selected encoding mode. 

[0081] The calculation and comparison of the number of 
bits and/or picture quality distortion in the selection of the 
mode having the highest encoding ef?ciency performed by 
the encoding mode selection unit 140 described above is just 
part of one embodiment of the present invention. According 
to other embodiments of the present invention, an encoding 
mode having a highest encoding ef?ciency can be selected 
using other elements than the number of bits and/or picture 
quality distortion. 

[0082] FIG. 3 is a block diagram of an image and video 
encoding apparatus using a single coding mode for all color 
components according to an embodiment of the present 
invention. The image and video encoding apparatus includes 
a prediction image generation unit 300, a residue generation 
unit 310, a transform/quantization unit 330, an entropy 
encoding unit 340, an inverse quantization/inverse transform 
unit 350, a residue inverse transform unit 360, and a pre 
diction compensation unit 370. 

[0083] The prediction image generation unit 300 generates 
a prediction image using an identical encoding mode for 
each image component in an original image composed of at 
least tWo image components. The prediction image genera 
tion unit 300 uses the prediction image generation apparatus 
according to an embodiment of the present invention of 
FIG. 1. Accordingly, the prediction image generation unit 
300 can include a spatial prediction image generation unit 
100, a temporal prediction image generation unit 120, an 
encoding mode selection unit 140, and a single mode 
prediction image generation unit 160 as shoWn in FIG. 1. 

[0084] The residue generation unit 310 generates a residue 
corresponding to the difference betWeen the original image 
and a prediction image. The residue transform unit 320 
performs a residue transform on the residue generated in the 
residue generation unit 310 using the correlation of each 
residue of the image components. The transform/quantiza 
tion unit 330 performs a transform and quantization on the 
residue, Which is transformed by the residue transform unit 
330, in units of blocks of a predetermined siZe. The entropy 
encoding unit 340 performs entropy encoding on the data 
transformed and quantized by the transform/quantization 
unit 330 and generates a bitstream. 
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[0085] The inverse quantization/inverse transform unit 
350, the inverse residue transform unit 360, and the predic 
tion compensation unit 370 perform inverse quantization/ 
inverse transform, inverse residue transform, and prediction 
compensation, respectively, on the data transformed and 
quantized by the transfonn/ quantization unit 330 to generate 
a prediction image F'n of a current frame and a prediction 
image F'n-l of a previous frame, Which are used When a 
prediction image is generated in the prediction image gen 
eration unit 300. 

[0086] FIG. 4 is a ?owchart of an image and video 
encoding method using a single coding mode for all color 
components according to an embodiment of the present 
invention. 

[0087] First, using a single encoding mode, a prediction 
image is generated in operation 400. Operation 400 is the 
same as the prediction image generation method described 
above With reference to FIG. 2, and further explanation Will 
be omitted. Then, by obtaining the difference betWeen the 
original image and the prediction image, a residue is gen 
erated and the generated residue is transformed in operation 
420. Then, a transform, such as a DCT transform, and 
quantization, are performed in operation 440, and by entropy 
encoding the transformed and quantized data, a bitstream is 
generated in operation 460. 

[0088] The input color image Fn of the encoding apparatus 
according to an embodiment of the present invention is an 
RGB image, and the image is processed in units of blocks. 
In order to increase encoding ef?ciency, the encoding appa 
ratus uses an inter method using temporal prediction in 
Which prediction is performed by estimating motion from a 
previous prediction image F'n-l, and an intra method using 
a spatial prediction in Which prediction is performed in a 
block spatially close to a current prediction image F'n (100). 
At this time, a most effective mode among a variety of 
encoding modes is selected by the encoding mode selection 
unit 140. 

[0089] When a spatial prediction mode is selected, iden 
tical prediction modes are used for all of the R, G, and B 
components so that the correlation betWeen the residues of 
the R, G, and B components can be increased. When 
temporal prediction is performed, identical block sizes and 
identical motion vectors are used for the R, G, and B 
components, and When a prediction image is expanded, 
identical ?lters are used for the interpolation for the R, G, 
and B components. Here, if spatial or temporal prediction 
encoding is performed according to the selected encoding 
mode information, the residue signal of each of the R, G, and 
B components can be obtained. In order to remove overlap 
ping information in each component, a residue transform is 
performed betWeen each component. Then, in order to 
compress each component in units of blocks, a transform, 
such as a discrete cosine transform (DCT) or a discrete 
integer transform, is performed, and then transform coeffi 
cients are quantized and entropy encoded to generate a 
bitstream. An image restored through the inverse process of 
the encoding is used for prediction encoding in subsequent 
blocks. 

[0090] FIG. 5 is a block diagram of an image and video 
decoding apparatus using a single coding mode for all color 
components according to an embodiment of the present 
invention. The image and video decoding apparatus includes 
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an entropy decoding unit 500, an inverse quantization/ 
inverse transform unit 520, an inverse residue transform unit 
540, and a prediction compensation unit 560. 

[0091] The entropy decoding unit 500 entropy decodes a 
bitstream, and the inverse quantization/inverse transform 
unit 520 performs inverse quantization and an inverse trans 
form of the entropy decoded data in units of blocks of a 
predetermined size. 

[0092] Assuming that the difference betWeen an original 
image composed of at least tWo image components and a 
prediction image in the original image is a residue, the 
inverse residue transform unit 540 inverse transform the 
transformed residue using the relation betWeen the inverse 
quantized and inverse transformed data, that is, the relation 
betWeen residues of the image components, and by doing so, 
restores residue data. 

[0093] The prediction compensation unit 560 adds to the 
restored residue data a prediction image generated using an 
identical encoding mode for each of the R, G and B 
components, and restores an image. 

[0094] FIG. 6 is a detailed block diagram of the prediction 
compensation unit 560. The prediction compensation unit 
560 includes a spatial prediction compensation unit 600 and 
a temporal prediction compensation unit 650. 

[0095] In the intra method, for each component of the 
original image, the spatial prediction compensation unit 600 
adds to the restored residue data a prediction image obtained 
by applying an identical prediction direction from a pixel 
spatially adjacent to the pixel block of a current frame, and 
by doing so, restores an image. 

[0096] In the inter method, for each component of the 
original image, the temporal prediction compensation unit 
650 adds to the restored residue data a prediction image 
obtained by applying identical motion estimation and 
motion compensation methods in units of blocks of identical 
size betWeen a previous frame and a current frame, and by 
doing so, restores an image. 

[0097] FIG. 7 is a ?owchart of an image and video 
decoding method using a single coding mode for all color 
components according to an embodiment of the present 
invention. 

[0098] Assuming that the difference betWeen an original 
image composed of at least tWo image components and a 
prediction image in the original image is a residue, residue 
information is decoded from a bitstream and restored. If the 
bitstream Was generated by entropy encoding, the bitstream 
is entropy decoded in operation 700. Then, the entropy 
decoded data is inverse quantized and inverse transformed in 
units of blocks of a predetermined size in operation 720. By 
using the relationship betWeen the inverse quantized and 
inverse transformed data, that is, the relationship betWeen 
residues of the image components, the transformed residue 
is inverse transformed and residue data is restored in opera 
tion 740. By adding a prediction image generated using an 
identical encoding mode for each of the R, G and B 
components to the residue of each image component, an 
image is restored in operation 760. The acquisition of the 
prediction image of operation 760 Will noW be explained. In 
the intra method, for each component of the original image, 
a prediction image is obtained by applying an identical 
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prediction direction from a pixel spatially adjacent to the 
pixel block of a current frame to be predicted. In the inter 
method, for each component of the original image, a pre 
diction image is obtained by applying identical motion 
estimation and motion compensation methods to blocks of 
identical siZe betWeen a previous frame and a current frame. 

[0099] Through an inverse process of the encoding pro 
cess described above With reference to FIGS. 3 and 4, an 
image is restored from the compressed bitstream. 

[0100] The compressed data is processed by the entropy 
decoding unit 500, the inverse quantization and inverse 
transform unit 520, and the inverse residue transform unit 
540, and the residue signal of each of the R, G, and B 
components is obtained. In the case of the inter mode, the 
residue value of each component is added to a value pre 
dicted from the previous predicted image F'n-l, and in the 
case of the intra mode, the residue value of each component 
is added to a value predicted from a spatially adjacent block 
value using a spatial prediction method. An image is restored 
using the residue value. 

[0101] The present invention can also be embodied as 
computer readable code on a computer readable recording 
medium. The computer readable recording medium is any 
data storage device that can store data Which can be there 
after read by a computer system. Examples of the computer 
readable recording medium include read-only memory 
(ROM), random-access memory (RAM), CD-ROMs, mag 
netic tapes, ?oppy disks, and optical data storage devices. 

[0102] According to the prediction image generation 
method and apparatus using a single coding mode for all 
color components, and the image and video encoding and/or 
decoding method and apparatus using a single coding mode 
for all color components of the present invention, an iden 
tical prediction method is used for each color component 
When the color components of a color image is prediction 
encoded using spatially adjacent pixels or temporally close 
pixels. By doing so, redundancy information betWeen pre 
diction error signals of the color components is increased 
such that encoding ef?ciency can be increased. 

[0103] For example, When an RGB color image is used 
and the RGB input image is not converted into a YCbCr 
image but is directly encoded in the RGB domain, spatial 
prediction and temporal prediction are performed in accor 
dance With the statistical characteristics of the RGB image 
such that the encoding efficiency can be enhanced While 
maintaining high picture quality. 

[0104] Furthermore, by directly compressing an RGB 
video image that can be directly obtained from a device 
Without performing the conventional process of converting 
the RGB video image into the YCbCr domain, there is no 
loss of image quality such as distortion of color that occurs 
When the RGB domain is transformed into the YCbCr 
domain because encoding is directly performed in the RGB 
domain. Accordingly, the method and apparatus of the 
present invention are appropriate for applications such as 
digital cinema and digital archive, Which require high qual 
ity image information. 

[0105] While the present invention has been particularly 
shoWn and described With reference to exemplary embodi 
ments thereof, it Will be understood by those of ordinary 
skill in the art that various changes in form and details may 
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be made therein Without departing from the spirit and scope 
of the present invention as de?ned by the folloWing claims. 
The embodiments should be considered in a descriptive 
sense only, and are not for purposes of limitation. Therefore, 
the scope of the invention is de?ned not by the detailed 
description of the invention but by the appended claims, and 
all differences Within the scope Will be construed as being 
included in the present invention. 

What is claimed is: 
1. A spatial prediction image generation method compris 

ing: 
applying an identical prediction direction for each image 

component in an original image composed of at least 
tWo image components; and 

obtaining a spatial prediction image from a pixel spatially 
close to a pixel block of a predetermined siZe of a 
current frame. 

2. The method of claim 1, Wherein the siZe of the pixel 
block is 4x4, and any one of 9 prediction directions is 
determined to be the prediction direction. 

3. A temporal prediction image generation method com 
prising: 

applying an identical block siZe, motion vector, and 
motion interpolation method for each image compo 
nent in an original image composed of at least tWo 
image components; and 

obtaining a temporal prediction image by estimating 
motion in units of blocks of a predetermined siZe 
betWeen a previous frame and a current frame of each 
of the image components. 

4. A prediction image generation method comprising: 

applying an identical prediction direction for each image 
component in an original image composed of at least 
tWo image components; 

obtaining a spatial prediction image from a pixel spatially 
close to a pixel block of a predetermined siZe of a 
current frame; 

applying an identical block siZe, motion vector, and 
motion interpolation method for each image compo 
nent in an original image composed of at least tWo 
image components; 

obtaining a temporal prediction image by estimating 
motion in units of blocks of a predetermined siZe 
betWeen a previous frame and a current frame of each 
of the image components; 

selecting an encoding mode using the spatial prediction 
image and the temporal prediction image; and 

generating a prediction image by identically applying the 
selected encoding mode to each component. 

5. The method of claim 4, Wherein, in the selection of the 
encoding mode, the bit quantity and/or distortion of the 
picture quality of each of the spatial prediction image and 
the temporal prediction image are calculated and an encod 
ing mode corresponding to the smallest sum obtained by 
adding the bit quantity and/or distortion of the picture 
quality for each of the spatial prediction image and the 
temporal prediction image is selected as the encoding mode. 
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6. A prediction image generation apparatus comprising: 

a spatial prediction image generation unit applying an 
identical prediction direction for each image compo 
nent in an original image composed of at least tWo 
image components, and obtaining a spatial prediction 
image from a pixel spatially close to a pixel block of a 
predetermined siZe of a current frame; 

a temporal prediction image generation unit applying an 
identical block siZe, motion Vector, and motion inter 
polation method for each image component in an 
original image composed of at least tWo image com 
ponents, and obtaining a temporal prediction image by 
estimating motion in units of blocks of a predetermined 
siZe betWeen a previous frame and a current frame of 
each of the image components; 

an encoding mode selection unit selecting an encoding 
mode by using the spatial prediction image and the 
temporal prediction image; and 

a single mode prediction image generation unit generating 
a prediction image by identically applying the encoding 
mode selected in the encoding mode selection unit to 
each component. 

7. The apparatus of claim 6, Wherein the encoding mode 
selection unit comprises: 

a spatial bit quantity and/or picture quality distortion 
calculation unit calculating the bit quantity and/or 
distortion of the picture quality of the spatial prediction 
image; 

a temporal bit quantity/picture quality distortion calcula 
tion unit calculating the bit quantity and distortion of 
the picture quality of the temporal prediction image; 
and 

a performance comparison unit comparing Values 
obtained by adding the bit quantity and/or the picture 
quality distortion of each of the spatial prediction 
image and the temporal prediction image, and selecting 
an encoding mode corresponding to the smaller Value. 

8. An image encoding apparatus using a single coding 
mode for all color components comprising: 

a prediction image generation unit generating a prediction 
image by using an identical encoding mode for each 
image component in an original image composed of at 
least tWo image components; 

a residue generation unit generating a residue correspond 
ing to the difference betWeen the original image and the 
prediction image; and 

an encoding unit generating a bitstream by encoding the 
residue data. 

9. The apparatus of claim 8, Wherein the prediction image 
generation unit comprises: 

a spatial prediction image generation unit obtaining a 
prediction image by applying an identical prediction 
direction from a pixel spatially adjacent to a pixel block 
of a current frame for each image component of the 
original image When performing an intra method; 

a temporal prediction image generation unit obtaining a 
prediction image by applying identical motion estima 
tion motion interpolation methods in units of blocks of 
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identical siZe betWeen a previous frame and a current 
frame for each image component of the original image 
When performing an inter method; 

an encoding mode selection unit selecting an encoding 
mode by using the spatial prediction image and the 
temporal prediction image; and 

a single mode prediction image generation unit generating 
a prediction image by identically applying the encoding 
mode selected in the encoding mode selection unit to 
each component of the color image. 

10. The apparatus of claim 9, Wherein the encoding mode 
selection unit comprises: 

a spatial bit quantity and/or picture quality distortion 
calculation unit calculating the bit quantity and/or 
distortion of the picture quality of the spatial prediction 
image; 

a temporal bit quantity and/or picture quality distortion 
calculation unit calculating the bit quantity and/or 
distortion of the picture quality of the temporal predic 
tion image; and 

a performance comparison unit comparing Values 
obtained by adding the bit quantity and/ or the picture 
quality distortion of each of the spatial prediction 
image and the temporal prediction image, and selecting 
an encoding mode corresponding to the smaller Value. 

11. The apparatus of claim 8, further comprising a residue 
transform unit performing a residue transform on the residue 
generated by the residue generation unit using a correlation 
betWeen residues of the image components, 

Wherein the encoding unit generates the residue of each 
image component as a bitstream. 

12. The apparatus of claim 11, further comprising a 
transfonn/ quantization unit performing transform and quan 
tiZation on the residue transformed by the residue transform 
unit, in units of blocks of a predetermined siZe, 

Wherein the encoding unit generates each of the trans 
formed and quantized coef?cients as a bitstream. 

13. An image encoding method using a single coding 
mode for all color components comprising: 

generating a prediction image by using an identical 
encoding mode for each image component in an origi 
nal image composed of at least tWo image components; 

generating a residue corresponding to the difference 
betWeen the original image and the prediction image; 
and 

generating a bitstream by encoding the residue data. 
14. The method of claim 13, Wherein the generating of the 

prediction image comprises: 

obtaining a prediction image by applying an identical 
prediction direction from a pixel spatially adjacent to a 
pixel block of a current frame for each image compo 
nent of an original image composed of at least tWo 
image components; 

obtaining a prediction image by applying an identical 
block siZe, motion Vector, and motion interpolation 
method for each image component in an original image 
composed of at least tWo image components, and by 
estimating motion in units of blocks of a predetermined 






